More than 80% of the global population will experience low back pain at least once in their life ([@b1-prm-19-e146]). At any one time, it is prevalent in 4% to 33% of the population ([@b2-prm-19-e146]). One-half of the adult population in the United States report having experienced low back pain within the previous year, and one-quarter report experiencing low back pain in the previous three months ([@b3-prm-19-e146]). Low back pain is responsible for significant resource utilization; it has been estimated that this condition costs more than \$100 billion per year in the United States, primarily due to lost productivity and wages ([@b4-prm-19-e146]).

Low back pain can originate from the lumbar facet joints, the sacroiliac joint, the intervertebral discs (discogenic low back pain) and the coccyx. While there is no standardized definition ([@b5-prm-19-e146]), chronic low back pain is typically defined as pain in the low back that persists for ≥3 months, while acute low back pain is typically defined as pain lasting for \<3 months ([@b6-prm-19-e146]). Of the population with acute low back pain, approximately 2% to 34% will eventually experience chronic low back pain ([@b7-prm-19-e146]).

Conservative treatment options for chronic low back pain may include pharmaceuticals, manual therapy (eg, massage, physiotherapy, spinal manipulation), exercise therapy (eg, aerobic activity, muscle strengthening), and educational or psychological therapies (eg, cognitive behavioural therapy, support groups, educational sessions) ([@b8-prm-19-e146],[@b9-prm-19-e146]). A systematic review of randomized controlled trials, which assessed conservative treatment options for low back pain, found strong evidence for the use of muscle relaxants, manipulation, education ('back school') and exercise therapy ([@b10-prm-19-e146]). If conservative treatments are unsuccessful, more invasive methods, such as steroid injections, nerve blocks, cryoablation, radiofrequency ablation (RFA) or surgery, can be attempted ([@b11-prm-19-e146]).

First used to treat low back pain by Shealy ([@b12-prm-19-e146]) in 1975, RFA is a procedure that may offer low back pain relief for patients without a known pathology (infection, tumour, fracture or osteoporosis). During the procedure, a high-frequency electrical current runs through an insulated needle. At the tip of the needle, the electric field causes molecule movement which, in turn, produces thermal energy. The heat from the tip of the RFA device is targeted to create a small lesion within a nerve, which disrupts the pain signal. Numerous randomized controlled trials (RCTs) and observational studies have been completed assessing the ability of RFA to treat low back pain.

To our knowledge, there is no current systematic review on RFA that summarizes the available evidence to determine the efficacy of RFA for all four clinical conditions associated with chronic low back pain. Therefore, the objective of the present study is to determine the efficacy of RFA for the treatment of chronic low back pain associated with the lumbar facet joints, the sacroiliac joint, discogenic low back pain and the coccyx.

METHODS
=======

A systematic review was completed. Medline, EMBASE, PubMed, SPORTDiscus, CINAHL and the Cochrane Central Registry of Controlled Trials (CENTRAL), Cochrane Database of Systematic Reviews, and University of York Centre for Reviews and Dissemination Databases were searched from inception to August 2013. Terms aimed at capturing the target diagnosis, such as "low back pain" and "back pain" were combined using the Boolean operator "or". These terms were then combined, using the Boolean operator "and", with terms describing the technology, such as "radiofrequency", "radio-frequency", "medial branch", "RF", "ablation" and "denervation". Results were limited to human studies and RCT designs. No other limitations were used. Details of the search are available from the authors on request.

All abstracts were screened in duplicate. Abstracts proceeded to full-text review if they: reported original data; were a sham-controlled RCT study design; assessed the efficacy of RFA; included adult participants with low back pain for \>3 months before the intervention; and reported at least one month follow-up data using a visual analogue scale or numerical rating scale ([Table 1](#t1-prm-19-e146){ref-type="table"}). Abstracts were excluded if they failed to meet the criteria above or if they included animals, reported nonoriginal data or included pediatric populations. There were no restrictions on the type (cooled, pulsed or continuous), temperature or duration of RFA used. Abstracts selected for inclusion by either reviewer proceeded to full-text review. This initial abstract screen was intentionally broad to ensure that all relevant literature was captured.

Studies included after abstract review proceeded to full-text review in duplicate. Studies were included in the present review if they met all inclusion criteria and failed to meet any of the exclusion criteria presented in [Table 1](#t1-prm-19-e146){ref-type="table"}. Any discrepancy between reviewers during full-text review was resolved through discussion and consensus. Reference lists of included studies were hand-searched to ensure all relevant studies were captured in the literature search.

For all studies, patient selection, study inclusion and exclusion criteria, patient characteristics, procedure protocol and outcomes measured were extracted using standardized data extraction forms. Pain outcomes (mean and SD) for intervention and control groups, as measured by visual analogue or numerical rating scales, were also extracted from each study.

During data extraction, each included study was assessed for quality using the Cochrane Risk of Bias Checklist ([@b13-prm-19-e146]). Using this checklist, each included study was assessed for seven areas of bias (random assignment generation; allocation concealment; blinding of participants and personnel; blinding of outcome assessment; incomplete outcome data; selective reporting; and any additional potential sources of bias) ([@b13-prm-19-e146]). Each of these seven potential areas of bias were assigned a 'low', 'high' or 'unclear' risk of bias ([@b13-prm-19-e146]). Quality assessment was completed in duplicate, with discrepancies being resolved through discussion and consensus.

RESULTS
=======

The literature search identified 1063 abstracts ([Figure 1](#f1-prm-19-e146){ref-type="fig"}). Of these, 922 were excluded during abstract review and 141 proceeded to full-text review. During full-text review, an additional 130 studies were excluded. A total of 11 studies met the inclusion criteria when assessed during full-text review and were included in the present systematic review ([@b14-prm-19-e146]--[@b24-prm-19-e146]). Hand-searching the references of the 11 included studies did not identify any additional articles.

The final 11 studies were allocated into three categories based on location of low back pain: discogenic low back pain ([@b14-prm-19-e146],[@b17-prm-19-e146],[@b18-prm-19-e146]); lumbar facet joint pain ([@b16-prm-19-e146],[@b19-prm-19-e146],[@b20-prm-19-e146],[@b22-prm-19-e146]--[@b24-prm-19-e146]); and sacroiliac back pain ([@b15-prm-19-e146],[@b21-prm-19-e146]) ([Table 2](#t2-prm-19-e146){ref-type="table"}). No RCTs addressing the efficacy of RFA for treating pain in the coccyx region were found in the literature.

The number of participants in each study ranged from 20 ([@b18-prm-19-e146]) to 81 ([@b23-prm-19-e146]). In the control groups, the mean age ranged from 38.4 years ([@b17-prm-19-e146]) to 64 years ([@b21-prm-19-e146]), and in the intervention groups, the mean age ranged from 40.4 years ([@b17-prm-19-e146]) to 59.6 years ([@b22-prm-19-e146]). Three studies were from the United States ([@b15-prm-19-e146],[@b17-prm-19-e146],[@b21-prm-19-e146]), three from the Netherlands ([@b14-prm-19-e146],[@b23-prm-19-e146],[@b24-prm-19-e146]), and the remaining were from Norway ([@b18-prm-19-e146]), Canada ([@b19-prm-19-e146]), Sweden ([@b20-prm-19-e146]), United Kingdom ([@b16-prm-19-e146]) and Turkey ([@b22-prm-19-e146]).

Of the included studies, seven used a visual analogue scale to measure reduction in pain ([@b14-prm-19-e146],[@b16-prm-19-e146],[@b19-prm-19-e146],[@b20-prm-19-e146],[@b22-prm-19-e146]--[@b24-prm-19-e146]), three used a numerical rating scale ([@b15-prm-19-e146],[@b17-prm-19-e146],[@b21-prm-19-e146]) and one used the Brief Pain Inventory ([@b18-prm-19-e146]). Studies measured pain outcomes at various times, with all studies measuring a baseline, or zero time point, and some recording outcomes up to one year later ([@b18-prm-19-e146],[@b22-prm-19-e146]). RFA procedure protocol varied within the included studies, with eight using conventional RFA ([@b14-prm-19-e146],[@b16-prm-19-e146],[@b18-prm-19-e146]--[@b20-prm-19-e146],[@b22-prm-19-e146]--[@b24-prm-19-e146]) and three using cooled RFA ([@b15-prm-19-e146],[@b17-prm-19-e146],[@b21-prm-19-e146]). All of the included studies used continuous RFA, with the exception of one study, which assessed the efficacy of both pulsed and continuous RFA ([@b22-prm-19-e146]).

Broadly, the included studies are of moderate to high quality as assessed by the Cochrane Risk of Bias ([@b13-prm-19-e146]) ([Table 3](#t3-prm-19-e146){ref-type="table"}). Only two studies were assessed as having a high risk of bias in one of the seven areas; Leclaire et al ([@b19-prm-19-e146]) had 'high' risk of bias in selective reporting ([@b19-prm-19-e146]), and Patel et al ([@b21-prm-19-e146]) had 'high' risk of bias in blinding of participants ([@b21-prm-19-e146]). All of the included studies used some type of randomization to allocate patients to either the sham or treatment arms. However, some did not report the method of randomization; therefore, it was not possible to assess random sequence generation in these studies. Five of the included studies did not report sufficient information for allocation concealment to be assessed ([@b14-prm-19-e146],[@b16-prm-19-e146],[@b20-prm-19-e146],[@b22-prm-19-e146],[@b24-prm-19-e146]). Generally, blinding of participants, personnel and outcome assessors was clearly reported and with a low risk of bias. Because it is unknown whether other biases influenced the results of these studies, 'unclear risk of bias' was assigned to all under the final category 'other bias'.

Due to heterogeneity in outcome measures, location of pain and follow-up times, as well as a lack of reported mean differences and standard deviations, meta-analysis was not possible with these data. The results of the included studies are summarized in [Table 4](#t4-prm-19-e146){ref-type="table"}. A discussion of the key findings, according to area of pain, follows.

Discogenic back pain
--------------------

Three studies assessed the use of RFA for treating discogenic back pain using a variety of methods. Two of the included studies used conventional RFA ([@b14-prm-19-e146],[@b18-prm-19-e146]) and one used cooled RFA ([@b17-prm-19-e146]). The study using cooled RFA, used a bipolar configuration which was then followed by the standard monopolar configuration ([@b17-prm-19-e146]).

All three studies used diagnostic discography to confirm diagnosis of discogenic low back pain, and only participants with a positive response to this procedure were included in the studies.

Studies used RFA at a temperature between 50°C and 70°C to create the lesion. The three studies reported that the characteristics of patients were not significantly different between the control and intervention groups, with the exception of Barendse et al ([@b14-prm-19-e146]), who reported that those in the intervention group had higher pain and had a longer duration of pain than the control group. Although all three studies used different outcome measures to assess change in pain, all used a 0 to 10 scale.

The two studies, Barendse et al ([@b14-prm-19-e146]) and Kvarstein et al ([@b18-prm-19-e146]), that assessed the efficacy of conventional RFA found no evidence of statistically significant benefit when the intervention group was compared with the control group. A study conducted by Kapural et al ([@b17-prm-19-e146]), which assessed the efficacy of cooled RFA, found evidence of a statistically significant benefit. This study reported a 2.19-point reduction in pain within the intervention group and a 0.6-point reduction in pain in the control group six months postprocedure (P=0.006) ([@b17-prm-19-e146]).

Lumbar facet joint pain
-----------------------

Six studies included in the present systematic review assessed the efficacy of RFA in reducing chronic lumbar facet back pain ([@b16-prm-19-e146],[@b19-prm-19-e146],[@b20-prm-19-e146],[@b22-prm-19-e146]--[@b24-prm-19-e146]). Five studies used continuous RFA ([@b16-prm-19-e146],[@b19-prm-19-e146],[@b20-prm-19-e146],[@b23-prm-19-e146],[@b24-prm-19-e146]), and one used a combination of pulsed and continuous RFA ([@b22-prm-19-e146]). All six included studies used conventional RFA, and used diagnostic blocks to confirm diagnosis of lumbar facet joint pain ([@b16-prm-19-e146],[@b19-prm-19-e146],[@b20-prm-19-e146],[@b22-prm-19-e146]--[@b24-prm-19-e146]). Five of the six studies used 22-gauge cannulas ([@b19-prm-19-e146],[@b20-prm-19-e146],[@b22-prm-19-e146]--[@b24-prm-19-e146]), and one study did not report these data ([@b16-prm-19-e146]). All six studies assessed pain reduction using a visual analogue scale; three used a 0 to 10 scale ([@b20-prm-19-e146],[@b23-prm-19-e146],[@b24-prm-19-e146]), two used a 0 to 100 scale ([@b16-prm-19-e146],[@b19-prm-19-e146]) and one study did not report the scale used ([@b22-prm-19-e146]). Five studies reported that there were no statistically significant differences in patient characteristics between the intervention and control groups at baseline ([@b16-prm-19-e146],[@b19-prm-19-e146],[@b22-prm-19-e146]--[@b24-prm-19-e146]). Nath et al ([@b20-prm-19-e146]) reported that those who received RFA had more general pain, low back pain and referred pain than those in the control group.

Results from the included studies were mixed as to the efficacy of RFA. Five of the included studies found evidence of statistically significant reductions in pain when comparing RFA with sham ([@b16-prm-19-e146],[@b20-prm-19-e146],[@b22-prm-19-e146]--[@b24-prm-19-e146]). One of these studies found a significant effect only in participants who experienced a positive response to diagnostic block (P\<0.05); for participants who experienced equivocal response to diagnostic blocks, statistically significant benefit was not found ([@b16-prm-19-e146]). One of the six included studies did not find any evidence of statistically significant improvement; this study found a 0.5 point reduction in pain within the intervention group and a 0.6 point reduction in pain in the control group ([@b19-prm-19-e146]).

Sacroiliac joint pain
---------------------

Two studies assessed the efficacy of RFA for treating sacroiliac pain ([@b15-prm-19-e146],[@b21-prm-19-e146]). Both used continuous, cooled RFA procedures ([@b15-prm-19-e146],[@b21-prm-19-e146]). These studies used a 17-gauge cannula and a 4 mm tip length. Cohen et al ([@b15-prm-19-e146]) heated the device to 80°C for 90 s, while Patel et al ([@b21-prm-19-e146]) used 60°C heat for 150 s. Both studies used a numerical rating scale, with a range of 0 to 10 to assess change in pain. Cohen et al ([@b15-prm-19-e146]) followed participants for six months. Patel et al ([@b21-prm-19-e146]) followed participants for nine months postprocedure, but only presented data for the control group up to three months. Both of these studies reported that there were no statistically significant differences in patient characteristics at baseline between the intervention and controls groups.

These two studies assessing the efficacy of RFA for treating sacroiliac joint pain studies found statistically significant reduction in pain for the intervention group, when compared with the control group ([@b15-prm-19-e146],[@b21-prm-19-e146]). Three months postprocedure, Cohen et al ([@b15-prm-19-e146]) found a 3.7-point reduction in pain within the intervention group, while the control group experienced only a 0.5-point reduction in pain. Three months postprocedure, Patel et al ([@b21-prm-19-e146]) found a 2.4-point pain reduction in the intervention group, and a 0.8-point pain reduction in the control group.

DISCUSSION
==========

Eleven sham-controlled RCTs were found, assessing the efficacy of RFA for discogenic back pain ([@b14-prm-19-e146],[@b17-prm-19-e146],[@b18-prm-19-e146]), lumbar facet joint pain ([@b16-prm-19-e146],[@b19-prm-19-e146],[@b20-prm-19-e146],[@b22-prm-19-e146]--[@b24-prm-19-e146]) and sacroiliac joint pain ([@b15-prm-19-e146],[@b21-prm-19-e146]). There were no RCTs investigating the use of RFA for pain in the coccyx region found in the literature.

The efficacy of RFA for discogenic back pain remains unclear. Of the three included studies, two studies assessed conventional RFA and found no statistically significant benefit over sham at two ([@b14-prm-19-e146]) and 12 months ([@b18-prm-19-e146]), while one study assessed cooled RFA and did find a statistically significant benefit compared with sham ([@b17-prm-19-e146]). The contradicting results may be attributable to the procedural differences between these three studies. However, the clinical relevance of these findings is unclear.

Five of the six studies assessing RFA for treating lumbar facet joint pain found statistically significant results ([@b16-prm-19-e146],[@b20-prm-19-e146],[@b22-prm-19-e146]--[@b24-prm-19-e146]), and one found no evidence of statistically significant benefit ([@b19-prm-19-e146]). The methods used in these studies were similar, with all using continuous, conventional RFA and diagnostic blocks to confirm diagnosis. This number of similar, high-quality sham-controlled RCTs on lumbar facet joints provides a robust evidence base that suggests that continuous, conventional RFA is efficacious in reducing lumbar facet joint pain. However, the longest follow-up time point within these studies was one year ([@b22-prm-19-e146]), with the majority of the studies only following patients for two ([@b24-prm-19-e146]), three ([@b19-prm-19-e146],[@b23-prm-19-e146]) or six months ([@b16-prm-19-e146],[@b20-prm-19-e146]). The long-term pain relief associated with RFA is unclear. In addition, the clinical relevance of the pain relief achieved is unknown. The studies reporting improvement reported modest reductions in pain scores with no predefined clinically relevant pain reduction reported. A large high-quality RCT in this patient population measuring predefined clinically meaningful pain reduction following patients for at least one year is now required to understand the efficacy of RFA for treating lumbar facet joint low back pain.

Both of the RCTs assessing the efficacy of RFA for treating sacroiliac joint pain found statistically significant reductions in pain for the treatment group compared with the control group ([@b15-prm-19-e146],[@b21-prm-19-e146]). The procedures used in these two studies were similar in that they both used continuous, cooled RFA ([@b15-prm-19-e146],[@b21-prm-19-e146]). These two studies suggest that continuous cooled RFA is efficacious in reducing sacroiliac joint pain; however, with only two available RCTs, more data on the efficacy of RFA for sacroiliac joint pain would strengthen this conclusion. In addition, as with the lumbar facet joint literature, the clinical significance of the modest pain reduction is unclear.

The lack of literature on the efficacy of RFA to treat the coccyx is surprising because this topic has been studied using non-RCT study designs ([@b25-prm-19-e146]). A sham-controlled RCT on the efficacy of RFA for the treatment of pain in the coccyx area would be a positive addition to the literature and could impact clinical practice.

The present systematic review had several limitations that merit comment, including limitations of the literature, inability to conduct a meta-analysis and using statistical significance as a surrogate for clinical significance.

As with all systematic reviews, the key limitation of the present review was that it reflects the literature and data available on this subject. In this case, the literature on sacroiliac joint pain was limited, the literature on discogenic pain used heterogeneous RFA methods and no literature was found on coccyx pain. This incomplete literature base limits the conclusions that can be drawn in the present systematic review.

Of the included studies, very few reported mean differences and SDs of these mean differences. Therefore, quantitative pooling through meta-analysis was not possible; the present study was limited to narrative synthesis. Future work should be encouraged to report data such that pooling is possible, thus enabling conclusions based on the entire body of work assessing RFA for low back pain.

In the present review, pain was the primary outcome assessed. This outcome was used because it was frequently reported and gave a broad sense of improvement or worsening. Many of the included studies only reported statistically significant differences as opposed to predefined clinical improvement. However, in clinical practice, the end goal is for the patient to experience pain relief such that they can return to their daily tasks; a level of pain relief that may differ from the level of pain reduction required to achieve statistical significance. However, these clinically relevant outcomes were not reported in any of the studies identified.

The evidence supports RFA as an efficacious treatment for lumbar facet joint and sacroiliac joint pain with five of six and both of the RCTs demonstrating statistically significant pain reductions, respectively. The evidence supporting RFA for treatment for discogenic pain is mixed and no RCT evidence exists for treatment of the coccyx. However, all the RCT data are short-term (\<1 year) and do not report clinically meaningful pain reduction or outcomes such as ability to complete daily tasks or return to work. Further evidence should be generated before RFA is widely integrated into evidence-based clinical guidelines.
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###### 

Inclusion and exclusion criteria

  ----------------------------------------------------------------------------------------------------------------------------------------------------
  **Inclusion criteria**                                                                          **Exclusion criteria**
  ----------------------------------------------------------------------------------------------- ----------------------------------------------------
  Pulsed or continuous radiofrequency ablation                                                    Not radiofrequency ablation technology

  Sham-controlled RCT                                                                             Not sham-controlled RCT design

  Original data                                                                                   Animals

  Adult population                                                                                Nonoriginal data

  Pain persistent for ≥3 months before intervention                                               Pediatric population\
                                                                                                  Pain persistent for \<3 months before intervention

  ≥1 month follow-up reporting using either a visual analogue scale or a numerical rating scale   Research only available in poster or abstract form
  ----------------------------------------------------------------------------------------------------------------------------------------------------

RCT Randomized controlled trial

###### 

Characteristics of randomized controlled trials reporting the efficacy of radiofrequency ablation (RFA)

  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  **Author (reference), year; country**                         **Patient selection**                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    **Comparators**                                                                                                                                                                                                                  **Outcomes**
  ------------------------------------------------------------- -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  **Discogenic**                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                          

  Barendse et al ([@b14-prm-19-e146]), 2001; The Netherlands    Patient selection: Patients were recruited from one teaching hospital between July 1994 and September 1996. Participants were randomly assigned by a computer program to receive the intervention or sham procedure\                                                                                                                                                                                                                                                                                                                                     Type of intervention: Continuous conventional RFA, with a 20-gauge cannula and 10 mm tip length, for 90 s using a temperature of 70°C\                                                                                           Outcomes measured: VAS, Oswestry Disability Index, number of analgesic tablets taken, COOP/WONCA quality of life questionnaire, Impairment (Waddell)\
                                                                Inclusion criteria: Chronic low back pain for \>1 year, nonresponsive to conservative treatment, 30 to 65 years of age, positive response to discography\                                                                                                                                                                                                                                                                                                                                                                                                Type of control: Sham procedure with the same placement as intervention, but no current applied                                                                                                                                  Outcome ascertainment: Baseline, 2 months\
                                                                Exclusion criteria: Spinal stenosis, spondylolithesis, multilevel burnt out disc lesions, coagulation disturbances, pregnancy, diabetes mellitus, \>1 pain syndrome\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      Type of analysis: Intention-to-treat
                                                                Patient characteristics: 13 participants (8 women and 5 men) with a mean age of 40.8±7.5 years were randomly assigned to receive the intervention. 15 participants (10 women and 5 men) with a mean age of 45.2±8.4 years were randomly assigned to receive the sham procedure. There were no statistically significant differences in patient characteristics between the sham and intervention groups                                                                                                                                                                                                                                                                                                                                                                                   

  Kapural et al ([@b17-prm-19-e146]), 2013; United States       Patient selection: Patients were recruited from the authors' medical practices between September 2007 and October 2011. Participants were randomly assigned using a computer program to receive either the intervention or sham procedure\                                                                                                                                                                                                                                                                                                               Type of intervention: Continuous cooled RFA was used for 150 s in monopolar configuration (60°C) and 15 min in bipolar configuration (45°C to 50°C)\                                                                             Outcomes measured: Numerical rating scale, Oswestry Disability Index, health care utilization questionnaire, Short-Form 36 Health Survey\
                                                                Inclusion criteria: Age ≥18 years, chronic low back pain for \>6 months, resistant to conservative treatment, no surgery in the previous 3 months, response to discography, disc height 50% compared with adjacent disc\                                                                                                                                                                                                                                                                                                                                 Type of control: Sham procedure with the same placement as the intervention, but no current applied                                                                                                                              Outcome ascertainment: Baseline,1 month, 3 months, 6 months\
                                                                Exclusion criteria: Lumbar surgery, nucleus pulposus herniation, disc bulges \>5 mm, free disc fragments, three or more discs degenerated on MRI, structural abnormality, compressive radiculopathy, cervical or thoracic pain, lumbar canal stenosis, chronic sever conditions, immunosuppression, history of coagulopathy, neurological deficits, traumatic spinal fracture, workers compensation, psychological issues, pregnancy, infection, allergies to medication used, body mass index \>30 kg/m^2^\                                                                                                                                                                                                                                                                              Type of analysis: Not reported
                                                                Patient characteristics: 27 participants (15 women and 12 men) with a mean age of 40.4±10.3 years were randomly assigned to receive the intervention. 30 participants (15 women and 15 men) with a mean age of 38.4±10.4 years were randomly assigned to receive the sham procedure. There were no statistically significant differences in patient characteristics between the sham and intervention groups                                                                                                                                                                                                                                                                                                                                                                              

  Kvarstein et al ([@b18-prm-19-e146]), 2009; Norway            Patient selection: Patients were recruited between August 2003 and January 2006 based on referrals. Participants were randomly assigned in 1:1 sex-stratified blocks, using random numbers\                                                                                                                                                                                                                                                                                                                                                              Type of intervention: Continuous conventional RFA, with a 17-gauge cannula, for 240 s using a temperature of 50°C to 65°C\                                                                                                       Outcomes measured: Brief Pain Inventory, Short Form-36, Oswestry Disability Index, relative change in pain\
                                                                Inclusion criteria: 20 to 65 years of age, back pain for \>6 months, pain \>5 on a NRS scale, pain worsened by sitting, no neurological deficits, no history of surgical interventions, no response to conservative treatment, disc degeneration, positive response to diagnostic discography\                                                                                                                                                                                                                                                           Type of control: Sham procedure with the same placement as the intervention, but no current applied                                                                                                                              Outcome ascertainment: Baseline, 6 months,12 months\
                                                                Exclusion criteria: Acute infection, history of drug abuse, psychological disorder that could affect outcome, abnormal neurological examination, radicular pain, spinal deformity, disc herniation \>4 mm, pregnancy, allergy to medication used in procedure\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            Type of analysis: Intention-to-treat and per-protocol
                                                                Patient characteristics: 10 participants (7 women and 3 men) with a mean age of 44.7±10.1 years were randomly assigned to receive the intervention. 10 participants (7 women and 3 men) with a mean age of 39.6±8.9 years were randomly assigned to receive the sham procedure. There were no statistically significant differences in patient characteristics, pain duration or pain medication between the sham and intervention groups                                                                                                                                                                                                                                                                                                                                                 

  **Lumbar facet**                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                        

  Gallagher et al ([@b16-prm-19-e146]), 1994; United Kingdom    Patient selection: Not reported\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                         Type of intervention: Continuous conventional RFA, for 90 s using a temperature of 80°C\                                                                                                                                         Outcomes measured: VAS and McGill Pain Questionnaire\
                                                                Inclusion criteria: Low back pain for \>3 months, positive or neutral response to diagnostic block, 25 to 55 years of age, diagnosis of facet joint pain\                                                                                                                                                                                                                                                                                                                                                                                                Type of control: Sham procedure with the same placement as the intervention, but no current applied                                                                                                                              Outcome ascertainment: Baseline, 1 month, 6 months\
                                                                Exclusion criteria: General ill health, pending compensation claims, mental illness or personality disorder, previous back operation\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                     Type of analysis: Not reported
                                                                Patient characteristics: 24 participants were randomly assigned to receive the intervention (18 with good response to diagnostic blocks, 6 with poor response to diagnostic blocks), 17 were randomly assigned to receive the sham procedure (12 with good response to diagnostic blocks and 5 with poor response to diagnostic blocks). No patient characteristics were reported                                                                                                                                                                                                                                                                                                                                                                                                         

  Leclaire et al ([@b19-prm-19-e146]), 2001; Canada             Patient selection: Patients were recruited from physiatrist referral between October 1993 and December 1996. Participants were randomly assigned in blocks of four\                                                                                                                                                                                                                                                                                                                                                                                      Type of intervention: Continuous conventional RFA, with a 22-gauge cannula and 5 mm tip length, for 90 s using a temperature of 80°C\                                                                                            Outcomes measured: Roland-Morris Questionnaire, Oswestry Scale, VAS, spinal mobility and strength, return to work\
                                                                Inclusion criteria: 18 to 65 years of age, relief from intra-articular facet injections\                                                                                                                                                                                                                                                                                                                                                                                                                                                                 Type of control: Sham procedure with the same placement as the intervention, but no current applied                                                                                                                              Outcome ascertainment: Baseline, 3 months\
                                                                Exclusion criteria: Allergy to medications used in procedure, blood coagulation disorder, cardiac pace-maker, sciatic pain, low back pain not related to mechanical disorder, previous back surgery\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      Type of analysis: Intention-to-treat
                                                                Patient characteristics: 36 participants (24 women and 12 men) with a mean age of 46.7±9.3 years were randomly assigned to receive the intervention. 34 participants (21 women and 13 men) with a mean age of 46.4±9.7 years were randomly assigned to receive the sham procedure. There were no statistically significant differences in patient characteristics between the sham and intervention groups                                                                                                                                                                                                                                                                                                                                                                                

  Nath et al ([@b20-prm-19-e146]), 2008; Sweden                 Patient selection: Not reported\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                         Type of intervention:\                                                                                                                                                                                                           Outcomes measured: Global perception of improvement, low back pain, lower limb pain and relief of generalized pain\
                                                                Inclusion criteria: Back pain for \>2 years, no response to conservative treatment, positive response to diagnostic block\                                                                                                                                                                                                                                                                                                                                                                                                                               Continuous conventional RFA, with a 22-gauge cannula and 5 mm tip length, for 60 s using a temperature of 85°C\                                                                                                                  Outcome ascertainment: Baseline, 6 months\
                                                                Exclusion criteria: Pregnancy, coagulopathies, malignancy, infection, mental handicap, psychiatric disorder, patients living too far away to complete follow-up\                                                                                                                                                                                                                                                                                                                                                                                         Type of control: Sham procedure with the same placement as the intervention, but no current applied                                                                                                                              Type of analysis: Not reported
                                                                Patient characteristics: 20 participants (14 women and 6 men) with a mean age of 56 years were randomly assigned to receive the intervention. 20 participants, 21 women and 13 men with a mean age of 53 years were randomly assigned to receive the sham procedure. There were no statistically significant differences in patient characteristics between the sham and intervention groups. However, the intervention group reported more generalized pain, low back pain, referred pain in the leg and had worse hip movement                                                                                                                                                                                                                                                          

  Tekin et al ([@b22-prm-19-e146]), 2007; Turkey                Patient selection: Participants were randomly assigned using a random number generator.\                                                                                                                                                                                                                                                                                                                                                                                                                                                                 Type of intervention: Pulsed and continuous heated RFA, with a 22-gauge cannula. Pulsed RFA used 2 mm tip length and a temperature of 42°C for 240 s. Continuous RFA used 10 mm tip length and a temperature of 80°C for 90 s\   Outcomes measured: VAS, and Oswestry Disability Index\
                                                                Inclusion criteria: \>17 years of age, symptoms indicative of lumbar facet pain for \>6 months, no response to conservative treatment\                                                                                                                                                                                                                                                                                                                                                                                                                   Type of control: Sham procedure with the same placement as the intervention, but no current applied                                                                                                                              Outcome ascertainment: Baseline, 6 months,12 months\
                                                                Exclusion criteria: Allergy to medication used in procedure, blood coagulation disorder, language problems, pregnancy\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    Type of analysis: Not reported
                                                                Patient characteristics: 20 participants, 9 women and 11 men with a mean age of 60.5±8.5 years, were randomly assigned to receive the continuous intervention. 20 participants (8 women and 12 men) with a mean age of 59.6±7.7 years, were randomly assigned to receive the pulsed intervention. 20 participants, 9 women and 11 men with a mean age of 57.9±9.3 years, were randomly assigned to receive the sham procedure. There were no statistically significant differences in patient characteristics between the sham and intervention groups                                                                                                                                                                                                                                    

  Van Kleef et al ([@b24-prm-19-e146]), 1999; The Netherlands   Patient selection: Patients who had been referred by a medical specialist to a pain management centre due to lack of response to conservative therapies for low back pain were recruited between June 1994 and April 1996\                                                                                                                                                                                                                                                                                                                               Type of intervention: Continuous conventional RFA, with a 22-gauge cannula and 5 mm tip length, for 60 s using a temperature of 80°C\                                                                                            Outcomes measured: VAS, global perceived effect, Impairment evaluation (Waddell), Oswestry Disability Index, and the COOP-WONCA quality of life questionnaire\
                                                                Inclusion criteria: Chronic low back pain, no response to conservative therapy, positive response to diagnostic block\                                                                                                                                                                                                                                                                                                                                                                                                                                   Type of control: Sham procedure with the same placement as the intervention, but no current applied                                                                                                                              Outcome ascertainment: Baseline, 2 months\
                                                                Exclusion criteria: Previous back surgery, known cause of back pain, diabetes mellitus, \>1 pain syndrome\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                Type of analysis: Not reported
                                                                Patient characteristics: 15 participants (10 women and 5 men) with a mean age of 46.6±7.4 years, were randomly assigned to receive the intervention. 16 participants (10 women and 6 men) with a mean age of 41.4±7.5 years were randomly assigned to receive the sham procedure. There were no statistically significant differences in patient characteristics between the sham and intervention groups                                                                                                                                                                                                                                                                                                                                                                                 

  Van Wijk et al ([@b23-prm-19-e146]), 2005; The Netherlands    Patient selection: Patients were recruited from 4 pain clinics between May 1996 and January 1999\                                                                                                                                                                                                                                                                                                                                                                                                                                                        Type of intervention: Continuous conventional RFA, with a 22-gauge cannula and 5 mm tip length, for 60 s using a temperature of 80°C\                                                                                            Outcomes measured: VAS, daily activities, analgesic intake, global perceived effect, Short Form-36 Health Survey, Zung Self Rating Depression Scale and Multidimensional Pain Inventory\
                                                                Inclusion criteria: Older than 117, chronic low back pain for \>6 months, no radicular syndrome or indication for back surgery\                                                                                                                                                                                                                                                                                                                                                                                                                          Type of control: Sham procedure with the same placement as the intervention, but no current applied                                                                                                                              Outcome ascertainment: Baseline, 3 months\
                                                                Exclusion criteria: Prior RFA treatment, coagulation disturbances, allergies to medications used in procedure, language problems, malignancy, mental handicap, psychiatric condition, pregnancy\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                          Type of analysis: Not reported
                                                                Patient characteristics: 40 participants (30 women and 10 men) with a mean age of 46.9±11.5 years were randomly assigned to receive the intervention. 41 participants (28 women and 13 men) with a mean age of 48.1±12.6 years were randomly assigned to receive the sham procedure. There were no statistically significant differences in patient characteristics between the sham and intervention groups                                                                                                                                                                                                                                                                                                                                                                              

  **Sacroiliac**                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                          

  Cohen et al ([@b15-prm-19-e146]), 2008; United States         Patient selection: Patients were recruited between May 2005 and August 2006, and randomly assigned in a 1:1 ratio, using blocks of 4\                                                                                                                                                                                                                                                                                                                                                                                                                    Type of intervention: Continuous cooled RFA, with a 17-gauge cannula and 4 mm tip length, for 90 s using a temperature of 80°C\                                                                                                  Outcomes measured: Global perceived effect, NRS, Oswestry Disability Index\
                                                                Inclusion criteria: \>18 years of age, pain for ≥6 months, no response to conservative treatment, pain relief from sacroiliac joint injections\                                                                                                                                                                                                                                                                                                                                                                                                          Type of control: Sham procedure with the same placement as the intervention, but no current applied                                                                                                                              Outcome ascertainment: Baseline, 1 month, 3 months, 6 months\
                                                                Exclusion criteria: Herniated disc, spondyloarthropathy, untreated coagulopathy, unstable medical or psychological illness\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                               Type of analysis: Not reported
                                                                Patient characteristics: 14 participants (9 women and 5 men) with a mean age of 51.9±13.6 years were randomly assigned to receive the intervention; 14 participants (8 women and 6 men) with a mean age of 51.8±13.1 years were randomly assigned to receive the sham procedure. There were no statistically significant differences in patient characteristics between the sham and intervention groups, with the exception of military duty status, and baseline Oswestry Disability Index Scores                                                                                                                                                                                                                                                                                       

  Patel et al ([@b21-prm-19-e146]), 2012; United States         Patient selection: Patients were recruited by the authors, the authors' colleagues and using advertisements between July 2008 and July 2010. Participants were randomly assigned in a 2:1 ratio\                                                                                                                                                                                                                                                                                                                                                         Type of intervention: Continuous cooled RFA, with a 17-gauge cannula and 4 mm tip length, for 150 s using a temperature of 60°C\                                                                                                 Outcomes measured: NRS, Oswestry Disability Index, Short Form-36, bodily pain subscale and Short From-36 physical functioning subscale\
                                                                Inclusion criteria: Axial pain below the L5 vertebrae lasting \>6 months, 3-day average NRS score rating between 4 and 8, \>18 years of age, no response to conservative treatment\                                                                                                                                                                                                                                                                                                                                                                      Type of control: Sham procedure with the same placement as the intervention, but no current applied                                                                                                                              Outcome ascertainment: Baseline, 3 months, 6 months, 9 months\
                                                                Exclusion criteria: History of intervertebral disc disease or zygopophyseal joint pain, Beck's Depression Inventory score \>20, psychological barriers to recovery, spinal pathology, infection, cervical or thoracic pain \>2/10 on NRS, acute illness, pregnancy, radicular pain, immunosuppression, allergy to medications used, smokers, high narcotics use\                                                                                                                                                                                                                                                                                                                                                                                                                          Type of analysis: Not reported
                                                                Patient characteristics: 34 participants (23 women and 11 men) with a mean age of 56±13 years, were randomly assigned to receive the intervention. 17 participants (14 women and 3 men) with a mean age of 64±14 years, were randomly assigned to receive the sham procedure. There were no statistically significant differences in patient characteristics between the sham and intervention groups                                                                                                                                                                                                                                                                                                                                                                                     
  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

CRF Continuous radiofrequency; MRI Magnetic resonance imaging; NR Not reported; NRS Numerical rating scale; VAS Visual analogue scale

###### 

Cochrane Risk of Bias quality assessment

                                                                **Random sequence generation**   **Allocation concealment**   **Blinding of participants and personnel**   **Blinding of outcome assessment**   **Incomplete outcome data**   **Selective reporting**   **Other bias**
  ------------------------------------------------------------- -------------------------------- ---------------------------- -------------------------------------------- ------------------------------------ ----------------------------- ------------------------- ----------------
  **Discogenic**                                                                                                                                                                                                                                                        
                                                                                                                                                                                                                                                                        
  Barendse et al ([@b14-prm-19-e146]), 2001; The Netherlands    Low                              Unclear                      Low                                          Low                                  Low                           Low                       Low
  Kapural et al ([@b17-prm-19-e146]), 2013; United States       Low                              Low                          Low                                          Low                                  Low                           Low                       Low
  Kvarstein et al ([@b18-prm-19-e146]), 2009; Norway            Low                              Low                          Low                                          Low                                  Low                           Low                       Low
  **Lumbar facet**                                                                                                                                                                                                                                                      
                                                                                                                                                                                                                                                                        
  Gallagher et al ([@b16-prm-19-e146]), 1994; United Kingdom    Unclear                          Unclear                      Unclear                                      Low                                  Unclear                       Low                       Unclear
  Leclaire et al ([@b19-prm-19-e146]), 2001; Canada             Unclear                          Low                          Low                                          Unclear                              Low                           High                      Unclear
  Nath et al ([@b20-prm-19-e146]), 2008; Sweden                 Low                              Unclear                      Low                                          Unclear                              Unclear                       Low                       Low
  Tekin et al ([@b22-prm-19-e146]), 2007; Turkey                Low                              Unclear                      Low                                          Low                                  Low                           Low                       Low
  van Kleef et al ([@b24-prm-19-e146]), 1999; The Netherlands   Low                              Unclear                      Low                                          Low                                  Low                           Low                       Low
  van Wijk et al ([@b23-prm-19-e146]), 2005; The Netherlands    Low                              Low                          Low                                          Low                                  Low                           Low                       Low
  **Sacroiliac**                                                                                                                                                                                                                                                        
                                                                                                                                                                                                                                                                        
  Cohen et al ([@b15-prm-19-e146]), 2008; United States         Low                              Low                          Unclear                                      Low                                  Low                           Low                       Low
  Patel et al ([@b21-prm-19-e146]), 2012; United States         Low                              Low                          High                                         Low                                  Low                           Low                       Low

Low, Unclear and High indicate risk of bias

###### 

Results of included studies

  **Author (reference), year; country**                         **Type of pain outcome measure**   **Scale of pain outcome measure**   **Time after RFA**   **Intervention group pain rating (mean ± SD)**   **Control group pain rating (mean ± SD)**   **Findings**
  ------------------------------------------------------------- ---------------------------------- ----------------------------------- -------------------- ------------------------------------------------ ------------------------------------------- ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  **Discogenic**                                                                                                                                                                                                                                         
  Barendse et al ([@b14-prm-19-e146]), 2001; The Netherlands    VAS                                0--10                               Baseline             6.5±1.3                                          5.5±1.1                                     No evidence of statistically significant benefit
  2 months                                                      5.89                               4.36                                                                                                                                                  
  Kapural et al ([@b17-prm-19-e146]), 2013; USA                 NRS                                0--10                               Baseline             7.13±1.61                                        7.18±1.98                                   A statistically significant reduction in pain was found in the intervention group, compared with the control group six months after treatment (P=0.006)
  1 month                                                       5.31±2.04                          5.72±2.29                                                                                                                                             
  3 months                                                      4.94±2.05                          5.98±2.36                                                                                                                                             
  6 months                                                      4.94±2.15                          6.58±2.11                                                                                                                                             
  Kvarstein et al ([@b18-prm-19-e146]), 2009; Norway            BPI                                0--10                               Baseline             4.6±1.8                                          5.5±2                                       No evidence of statistically significant benefit
  6 months                                                      3.7±2.2                            5.3±1.8                                                                                                                                               
  12 months                                                     3.2±2.3                            4.9±2.1                                                                                                                                               
  **Lumbar facet**                                                                                                                                                                                                                                       
  Gallagher et al ([@b16-prm-19-e146]), 1994; United Kingdom    VAS                                0--100                              Baseline             58±4.2                                           72±5.6                                      For participants who experienced good response to diagnostic blocks: a statistically significant reduction in pain was found in the intervention group, compared with the control group six months after treatment (P\<0.05)
  1 month                                                       34±6.9                             60±9.8                                                                                                                                                
  6 months                                                      44±7.2                             70±8.5                                                                                                                                                
  Leclaire et al ([@b19-prm-19-e146]), 2001; Canada             VAS                                0--100                              Baseline             51.9                                             51.5                                        No evidence of statistically significant benefit
  3 months                                                      52.3                               44.4                                                                                                                                                  
  Nath et al ([@b20-prm-19-e146]), Sweden 2008;                 VAS                                0--10                               Baseline             5.98                                             4.38                                        A statistically significant reduction in pain was found in the intervention group, compared with the control group six months after treatment (P=0.004)
  6 months                                                      3.88                               3.68                                                                                                                                                  
  Tekin ([@b22-prm-19-e146]), et al 2007; Turkey                VAS                                NR                                  Baseline             PRF: 6.6±1.6                                     6.8±1.6                                     A statistically significant reduction in back pain was found when comparing post-procedure are preprocedure scores for PRF (P\<0.001), CRF (P\<0.001) and control groups (P\<0.001)
  CRF: 6.5±1.5                                                                                                                                                                                                                                           
  6 months                                                      PRF: 2.9±1.6                       3.1±0.8                                                                                                                                               
  CRF: 2.3±1.3                                                                                                                                                                                                                                           
  12 months                                                     PRF: 3.5±1.3                       3.9±1.2                                                                                                                                               
  CRF: 2.4±1.1                                                                                                                                                                                                                                           
  Van Kleef et al ([@b24-prm-19-e146]), 1999; The Netherlands   VAS                                0--10                               Baseline             5.2±1.7                                          5.2±1.6                                     A statistically significant reduction in pain was found in the intervention group, compared with the control group two months after treatment (P\<0.005)
  2 months                                                      2.83±2.24                          4.77±2.5                                                                                                                                              
  Van Wijk et al ([@b23-prm-19-e146]), 2005; The Netherlands    VAS                                0--10                               Baseline             5.8±1.8                                          6.5±1.8                                     A statistically significant reduction in back pain was found for both those treated with RFA (P=0.001) and in those who received sham (P=0.0003)
  3 months                                                      3.7                                3.7                                                                                                                                                   
  **Sacroiliac**                                                                                                                                                                                                                                         
  Cohen et al ([@b15-prm-19-e146]), 2008; United States         NRS                                0--10                               Baseline             6.1±1.8                                          6.5±1.9                                     Statistically significant reduction in pain was found in the treatment group, compared with the control group (at one month, P\<0.001)
  1 month                                                       2.4±2                              6.3±2.4                                                                                                                                               
  3 months                                                      2.4±2.3                            6±0                                                                                                                                                   
  6 months                                                      2.6±2.2                            NR                                                                                                                                                    
  Patel et al ([@b21-prm-19-e146]), 2012; United States         NRS                                0--10                               Baseline             6.1±1.3                                          5.8±1.3                                     Statistically significant reduction in pain was found in the treatment group, compared with the control group three months post-treatment
  1 month                                                       3.4                                4.1                                                                                                                                                   
  3 months                                                      NR                                 NR                                                                                                                                                    
  6 months                                                      NR                                 NR                                                                                                                                                    
  9 months                                                      NR                                 NR                                                                                                                                                    

BPI Brief Pain Inventory; CRF Conventional radiofrequency NR Not reported; NRS Numerical rating scale; PRF Pulsed radiofrequency; RFA Radiofrequency ablation; VAS Visual analogue scale
